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ABSORPTION OF HIGHLY SOLUELf GASES BY HIGH SPEED AXIAL 

FLOW A!EMIZING EQUIPMENT 

a 

V. I. Matrozov, V. M. Ramm and Z. V. Chagina 

t o t a l  pressure drop i n  the  Venturi tube i n  N/m 2 

pressure drop due t o  tube resis tance and the dispersion of the l i qu id  

i n  N/m2 

pressure drop due t o  the acceleration of the gas-liquid flow due t o  a 

pressure decrease i n  the tube, N/m 

pressure drop due t o  the rise of the  gas-liquid f l a w ,  N/m2 

2 

l iqu id  density,  pg/m 3 

gas density,  kg/m3 

acceierat iun 6ue iv graviiy mi sec 

height of Venturi tube i n  meters 

l iqu id  consumption, kg/sec 

gas consumption , kg/sec 

mass gas flow r a t e ,  kg/(m2-sec) 

t h roa t  diameter i n  meters 

1 2  

pressure drop i n  the tube f o r  a s ingle  phase f l o w ,  i n  N/m 2 

2 l i qu id  viscosi ty ,  N. sec/m 

gas viscosi ty ,  N O  see/$ 

surf ace tensiorq N/m 



! 

number of t ranspor t  u n i t s  

t he  ac tua l  absorption volume of the Venturi tube i n  m3 vt 

m spec i f i c  l i qu id  consumption, 2 / m  3 

CJ res i s tance  coe f f i c i en t  

h height of t he  absorption volume i n  meters 

A t  t h e  present t i m e  considerable a t t e n t i o n  i s  being given t o  axial /12@ 

flow atomizing absorbers i n  which t h e  l i qu id  i s  atomized by a gas moving with a 

high ve loc i ty  (20-30 m/sec); b e s t  known are the  Venturi absorbers and the  atomiz- 

ing  absorber (AA). 

Two modifications & t h e  Venturi absorbers are known. I n  t h e  absorber with- 

ou t  a j e t  o r i f i c e  the gas moves i n  the v e r t i c a l  Venturi tube i n  the upward d i -  

rec t ion ,  passes by the entrance t o  the tube over t h e  l i qu id ,  and captures the  

l i qu id  ( re fs .  1-4). 

v e r t i c a l  Venturi tube i n  t h e  downward d i r ec t ion  and t h e  l i qu id  i s  supplied 

through a j e t  o r i f i c e  which:is placed near the  mouth of t he  tube (refs. 5-10). 

I n  an absorber with a j e t  o r i f i c e  the  gas moves along t h e  

The AA absorber ( r e f s .  11 and 12)  i s  very similar t o  the  Venturi j e t  o r i f i c e  

absorber i n  pr inc ip le  and d i f f e r s  only i n  t h a t  the l i q u i d  i s  supplied i n  the  

form of a Cilm and there  is  no diffuser .  

The above instruments have been t e s t ed  f o r  a series of absorption processes 

However, they w e r e  t e s t e d  under and have received some appl ica t ion  i n  industry.  

incomparable conditions. 

termine the hydraulic resistance and the  coe f f i c i en t  of mass t r a n s f e r  were 

es tab l i shed .  

Also, not all of the  re la t ionships  necessary t o  de- 

*Numbers given in, t he  margin ind ica te  t h e  pagination i n  the  o r i g i n a l  foreign 

text. 
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t * -  

Below w e  present t h e  results of inves t iga t ions  conducted with th ree  such 

instruments under i d e n t i c a l  conditions. The invest igat ions were car r ied  out  by 

using a model w i t h  a t h r o a t  diameter of 20 m (some of t h e  experiments were 

carr ied out  using the  Venturi instruments without a j e t  orifice ? n r i  ,.-: . -1 

t h r o a t  diameter of 34 and 48.5 m). 

the ammonia-water system, which makes it possible t o  obtain da ta  f o r  the  mass 

t r ans fe r  which can be applied t o  other  highly soiuo!e gases. During t h e  ex- 

periments the  mmonia concentration a t  t h e  output t o  the instrument w a s  0.5-1 

percent by volume. 

was determined by passing a f ixed volume of gas through f l a s k s  with 0.1 or 0.01 

normal so lu t ions  of H@O4 with subsequent t i t r a t i o n .  

the  outflowing l i qu id  was a l s o  determined by t i t r s t i o n  and the  i n i t i a l  a l k a l i n i t y  

of t he  w a t e r  w a s  taken i n t o  account. 

a duplex diaphragm while water consumption w a s  measured by a rotameter. 

pressure drop i n  the  instruFent  was measured with a U-type manometer. 

perature of t he  gas and of the  l i qu id  en ter ing  t h e  instrument and leaving t h e  

The experiment8 were coftdueted using 1x27 

The amount of ammonia i n  t h e  gas before and after absorption 

The ammonia content i n  

Air consumption was measured by means of 

The 

The t e m -  

iiistilLuueeni was weas-ui;ed nei-cGi-J- therxcrfi5tel-. &-p5rLEszts -.-ere zon*Gcted 

with a gas mass ve loc i ty  of 23-48 kg/(m2.sec) and with a spec i f i c  l i q u i d  con- 

sumption of 1-6 1 / m 3 .  

Measurement da ta  were bsed t o  construct a material  balance and the  r e s u l t s  

of t he  experiments when the balance deviated by more than Xl.5 percent were not 

taken i n t o  account. Data from the remaining experiments were used t o  determine 

the number of transported u n i t s  referred t o  the  gas concentration. 

of t h e  experiments was cbrr ied out by means of a Venturi absorber without a j e t  

A l a rge  p a r t  

o r i f i c e  and w i t h  t h e  AA absorber. 

with t h e  Venturi absorber equipped with a j e t  o r i f i c e .  

A s m a l l  number of experiments w a s  car r ied  out  

3 



Venturi Absorber Without a J e t  Orifice 

The resis tance and mass t ransfer  i n  a Venturi absorber without a j e t  o r i -  
a 

f i c e  f o r  the  air-ammonia system have been studied e a r l i e r  (ref. 1). 

described here the  range of a i r  veloci t ies  was extended towarcis the h ~ v - ~  1 

and the e f f e c t  of tube dimensions on the re8,isternce and mass t r ans fe r  was also 

investigated.  

I n  t : ~  -mJ- 

The schematic of the laboratory setup i s  shown on f igure  1. Atmospheric 

a i r  i s  pumped by the vacuum pump 5 through f i l t e r  1 and absorber 2. Ammonia 

from the storage tank 3 through a valve and flowmeter 8 i s  introduced i n t o  a 

supply l i n e  ahead of the mixer 4 which cons is t s  of a Venturi tube followed by a 

damping screen. 

i s  supplied through the  r o t m e t e r  9 t o  the lower p a r t  of the absorber and flows 

over i n t o  the  dra in  system a f t e r  it leaves i t s  upper pa r t .  

Water from the pressure vessel  6 with a constant l i qu id  l e v e l  

The diameter of the absorber i s  approximately 300 mm; i t s  lower p a r t  i s  

This makes i t 'poss ib le  t o  i n s t a l l  Venturi tubes with d i f f e ren t  replaceable.  

t h roa t  diameters and s t i l l  r e t a in  the constant r a t i o  between the diameters of 

t h e  tube acd the le-zer p a r t  cf the &cerber. 

The basic Venturi tube with a throat  diameter of 20 m w a s  constructed t o  

high tolerances;  the d i f fuse r  angle was equal t o  8O, the  converging nozzle angle 

was equal t o  44' (it i s  known t h a t  i f  t h i s  angle i s  varied within 25-45' it has 

p r a c t i c a l l y  no e f f e c t  on mass t ransfer  and res i s tance  (ref. 1)). 

Venturi tubes were fabricated from sheet i ron .  Since the resis tance of Venturi 

tubes depends on the method of fabr icat ion and p a r t l c u l a r l y  oli the shape of the 

The la rge  

inlet  edge, a Venturi tube which had the same dimensions as the i n i t i a l  tube was 

a l s o  invest igated.  

t e s t ed  are shown i n  the tab le .  

The dimensions of t h e  d i f f e ren t  Venturi tubes which were 

When tubes No. 1, l a  and 2 were used, a baf f le  

. . -.. 
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Diameter, mm Length, mm Con- - _ _ _  

Tube Diffuser verging Tube Input Output Con- 

sect ion section nozzle 
NO. angle nozzle 

angle Throat cross- cross- Diffuser verging 

1 20 50 50 a 3  38 8' 44O machined 

l a  20 49.3 49.3 a5 39 7046' 41' welded 

from s t e e l  

from sheet 
li-oii 

2 34 87 85.6 330 66 8'56' 43'40' welded 
from sheet 
i r o n  

3 48.5 122 124 517 93 8O20' 43O welded 
from sheet 
i ron  

Figure 1. Laboratory setup f o r  invest igat ing the, Venturi 

absorber without a j e t  o r i f ice :  1, fi l ter;  2, absorber; 

3, storage tank with ammonia; 4, mixer; 5 ,  vacuum pump; 

6, pressure vessel; 7, manometer; 8, rheometer; 9, rota- 

meters; 10, thermometer; 11, samplers; 12, diaphragm. 

. 
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was ins t a l l ed  a t  the exit from the absorber; when tube No. 3 was used the 

housing of the absorber served a s  the baf f le .  

Mass Transfer 

The r e s u l t s  of experiments carried out using Venturi tube No. 1 w e r e  i n  

good agreement with the data mentioned above ( r e f .  1). Tll@l"aPOre, thLB tuba wus 

used t o  conduct only one s e r i e s  of experiments with Wp =26 kg/(m osec) within 

the sprinkling densi ty  limits of L/G = 0.3-4.5 kg/kg. This range of spr inkl ing 

densi ty  a t  the specif ied gas veloci ty  corresponds t o  the  f irst  mode of absorber 

2 
u 

operation which has been cal led the pulsating mode i n  an e a r l i e r  work ( re f .  1). 

The r e s u l t s  of the  experiments are shown i n  f igure  2 which gives the varia- 

t i o n  i n  the number of t ranspor t  un i t s  a s  a function of spring density. The 

corresponding empirical equation has the form 

0.28 wog = 1.01 (L/G) 

Figure 3 shows the resul ts  of experiments conducted with geometrically . 
similar tubesof d i f f e ren t  sizes. /128 

the dimensions of t h e  tube increase and the geometric s imi l a r i t y  i s  retained the  

number of transported u n i t s  f o r  the  same value of L/G increases while the slope 

of the l i n e  remains constant. 

It follows from t h i s  f i gu re  t h a t  when 

Thus the  general  re la t ionship  i n  the first mode f o r  geometrically s imi la r  

tubes has t he  form 

0.28 N = A(L/G) 
og 

where A i s  a function of t he  charac te r i s t ic  dimension. 

When simple coordinates ( f ig .  4) a re  used t o  p l o t  the quant i t ies  A as, a 

func t ion  of the two absorption volume Vt ( the volume of the  Venturi tube and of 
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Figure 2. Variation i n  N as a function of L/G i n  t he  f irst  
og 

mutie Tur ti 'veilturi u'jsor'jei- k#ithCG< jet o r r f i c z  -,.t-,cr* tk,P 

has d = 0.02 m: 0, tube No. 1; W 26 kg/(m2-sec); 0, data  

published i n  the l i t e r a t u r e  for  a machined tube ( re f .  l), Wg = 

36.2 kg/(m Osec). 

g i2' 

2 

Figure 3. Variation i n  N as  a function of L/G i n  the f i r s t  

mode f o r  a Venturi absorber without a j e t  o r i f i c e  (tubes with 

d i f f e ren t  d ) when W 

responds t o  t h e  s t r a i g h t  l i ne  .in f igure  2): 

og 

= 26 kg/(m2*sec) ( the broken l i n e  cor- 
g 63 

1, tube No. 2; 

2, Tube No. 3.  

Figure 4. Variation i n  A as a function of Vt. 
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the atomizing j e t  above it before 

a s t r a i g h t  l i n e  given by the  equation 

the re f lec t ing  p a r t i t i o n ) ,  the  po in t s  form 
, 

A = 0.933 + 40.7 Vt 

o r  i n  the  general case 

The general expression f o r  the number of transported un i t s  may be wr i t t en  

i n  the form 

= .N + kVt. 0 

We must assume t h a t  the process of ~ G S  t r ans fe r  i n  the Venturi tube has 

two stages:  

and destroyed (corresponding t o  the number No of transported u n i t s )  and mass 

t r a n s f e r  i n  the tube whose In t ens i ty  i s  a funct ion of V t -  Apparently the coef- 

f i c i e n t  k i s  p rac t i ca l ly  constant only i n  tne narrow in t e rva l  of test tube d i -  

the  mas6 t r ans fe r  during the  in s t an t  of time when spray i s  formed 

_--_ 2--- -.-> --I--- &I---- --- &.-+I.-- ;nn-r,,o-ha 
U l C l l ~ A U U ~  ULlU W U C U  ClllCbt: CILC LILA UUCL LLILLLCAGLU it decresses 8s the ZbSnTtinn 

volume increases.  8 

Resistance. 

The t o t a l  pressure drop i n  the Venturi tube consis ts  of th ree  pa r t s :  

AP = APt + APac + 0,. ( 5 )  

The quant i ty  APac does not depend on the  diinensions of the  tube.  When the 

2 t o t a l  pressure drop i s  not greater  than 4,000 N/m it i s  a f r ac t ion  of a percent 

of AP and can be neglected. 



The quant i ty  APr i s  determined by the equal i ty  

For the  Venturi tubes which were invest igated t h i s  quant i ty  does not exceed 

1-2 percent; however, f o r  tubes of a l a rge r  s i ze  it may become noticeable.  

Therefore, the  r e s u l t s  of the experiments a r e  processed taking i n t o  account 

APr . 
Figure 5 presents data  on the resistance of a l l  t e s t  tubes as the var ia t ion  

i n  Apt = AP-APr a s  a function of L/G when Wg = 26 kg/(m2-sec). 

The poin ts  f o r  the tube with dth = 0.02 m f a l l  on p a r a l l e l  l ines .  The data  

obtained i n  the  following investigation and e a r l i e r  when reduced-give the f o l -  

lowing re la t ionship  f o r  machined tubes i n  t'ne first mode operation 

AP = (0.069 W202 + 300) (L/G) 0.358 
t g 

(7 )  

For the  tube made of s>eet i ron  and having a sharp edge the resis tance i s  

E percent higher and i s  g iver  by the equation 

2.2 0 9 358 + 300) (L/G) A P ~  = i.i(o.069 w 
g 

W e  can see from the drawing t h a t  as dth increases and t h e  geometric s i m i -  

l a r i t y  i s  retained, t he  resis tance t o  the two phase f lm i n  the  Venturi ab- 

sorber increases.  /129 

Earlier the  follawing relat ionship w a s  given (ref. 3) f o r  the  pressure drop 

i n  a two phase f l o w  i n  v e r t i c a l  cylindrical. tubes: 

The data  of the  present work could not be processed i n  the  same manner due 

t o  the  lack  of precise  data  on t h e  magnitude of APs. Unlike the case of a round 

9 



L/G, ' 

Figure 5. The resis tance of a Venturi absorber without a j e t  

o r i f i c e  containing pipes w i t h  d i f f e ren t  diameters when W = 

26 kg/(m2*sec) ( the broken l i ne  represents the published data  
g 

( ref .  l), Wg = 36.2 kg/(m 2 . see) ) :  1, tube No. 1; 2, Tube 

No. l a ;  3, Tube No. 2; 4, Tube No. 3. 

tube with constant cross-section, t'ne Venturi tube absorber has a value of APs 

which i s  not equal t o  the res i s tance  of the  dry tube but it i s  somewhat higher 

due t o  the surface f r i c t ion .  of the l iquid i n  the  lower pa r t  of the  icstrument. 

Therefore, i n  t h i s  case we present only an empirical equation f o r  tubes l a ,  2 

and 3 when W = 26 kg/(m2-sec) 
!3 

Due t o  the in su f f i c i en t  number of points  i n  the  narrow range of dth t h i s  

equation cannot be extrapolated beyond the  l i m i t s  of tes t  tube dimensions; how- 

ever, it can be used f o r  t he  hypothesis concerning the  i n t e r r e l a t i o n  between 

tube dimensions an$ i t s  spec i f ic  resistance,  i .e . ,  res i s tance  per  u n i t  t ranspor t .  

On the  bas i s  of equations ( 5 ) ,  (6) and (10) the expression f o r  the  t o t a l  

pressure drop may be wr i t t en  i n  the  following general form: 

. 

10 



or  

where c =  ( fo r  geometrically s i m i l a r  tubes I H/dth = const). w;& 
Taking i n t o  account expressions (2) and (3) derived above, we. obtain 

Analysis shows t h a t  as dth increases, . t h i s  ifunction f irst  increases  t o  some 

Thus w e  can assume t h a t  (although t h e  resis- maximum value and then decreases. 

t a m e  of t he  Venturl t.L;t;es increases  x i t h  dimensions when L/G and W 

s t a n t )  t h e  spec i f i c  res i s tance  and consequently the  total  r e s i s t ance  w i l l  be of 

t h e  same order of magnitu6e f o r  lerge tubes as f o r  small tubes when the  separa- 

t i o n  e f f e c t  i s  t h e  same. 

ments w i th  l a r g e  diameter Venturi tubes even though c e r t a i n  da t a  confirm it. 

Thus i n  t h e  absorption of s i l i c o n  t e t r a f luo r ide  i n  an absorber with a Venturi 

tube (ref. 4) having a t h r o a t  diameter of dth = 185 mm, when W 

(m2-sec) and N 

are eon- 
g 

This hypothesis must be ver i f ied  by conducting experi- 

= 35.4 kg/ g 
= 1.5-3.5 t he  spec i f id  res is tance including t h e  r e s i s t ance  of 

og 

the  reflecting p a r t i t i o n  w a s  AP/N = 400-600 N/m 2 , i.e., it w a s  i n  t he  same 
og 

limits'as t h e  res i s tance  i n  a Venturi tube with d t h  = 20 mm. 

AA Absorber 

The labora tory  setup and the basic dimensions on t h e  absorber are shown i n  

figure 6. 

tubes 3,  which are lowered almost t o  the  bottom of the  upper p a r t  of t h e  

Water en te r s  the absorber 1 through a sprinkling device 2 with fou r  

11 
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Figure 6. 

1, absorber; 2, sprinkling device; 3, tubes; 

4, conic attachment; 5 ,  storage tank with ammonia; 

6, connecting pipe f o r  the a i r -amonia  mixture 

supply; 7, absorption p a r t ;  8, separator;  9, ves- 

Laboratory set-up of the AA absorber: 

s e l s  f o r  receiving the l iqu id ;  10, hydraulic valve; 

.11, rheometer; 12, rotameters; 13, diaphragm; 

14, thermometers; 15, test  samplers. 

12 



absorber, moves up and flows over t'ne edge of a conic attachment 4. The z ix-  

t u r e  of t he  a i r  blown from the  atmosphere and ammonia fed from t h e  storage tank 

3 i s  d i rec ted  t o  the absorber through a connecting p i p  6. 

t u r e  passes through t h e  conic attachment and disperses t h e  l i q u i d  f i l m  i n t o  

small drople t s .  

t i o n  part  of the  equipment 7 where t h e  absorption process takes  place.  

t h i s  t he  gas and the  l i qu id  a r e  separated by t h e  separator 8, the  l i qu id  i s  

co l lec ted  i n  vessel  9 where it i s  fed through a water seal 10. 

Then t h i s  mix- /I30 

The liquid-gas flow formed i n  t h i s  manner i s  fed t o  the  absorp- 

After 

I n  order t o  determine the  e f f e c t  of the  absorption volume on the degree of 

ammonia, capture experiments were conducted with th ree  replaceable absorption 

p a r t s  of the  equipment having a height of 200, 400 and 600 mm. 

Single step and double step AA instruments were t e s t ed .  The d is tance  

between the  conic attachments i n  t h e  two s t ep  A A w a s  taken as 200 mm. 

Resistance, 

It was established experimentally t h a t  the  height of t he  absorption volume 

i n  a s ing le  step instrument i n  the  in t e rva l  200-600 mm has almost no e f f e c t  on 

the resistance of dc.;ice. VheraCn-re  < n +ha ~ i ~ h ~ n n i 7 0 n f  a v n n r i m n n f c  
A . U b * " * " * b ,  A L A  " L * b  "'""by""&*" " - . y b * * L . L b . a " u  t he  

r e s i s t ance  i n  a one s t e p  AA instrument w a s  determined when t h e  height of t he  

absorption volume w a s  200 mm. 

Experimental da t a  on the res i s tance  f o r  d i f f e ren t  gas  mass v e l o c i t i e s  as 

a f'unction of t he  spec i f i c  consumption of l i q u i d  per m3 of gas (under normal 

condi t ions)  i s  shown i n  f i g u r e  7. We can see from t h i s  f i gu re  t h a t  f o r  gas- 

l i q u i d  f l a w  i n  the  AA absorber two hysraulic modes are observed and these are 

determined by the  magnitude of l iqu id  consumption. 

t h e  spec i f i c  consumption of the  l iqu id  i s  not very l a rge  the  res i s tance  va r i e s  

l i t t l e  when t h e  consumption i s  increased. In  the  second mode with higher spe- 

c i f i c  l i q u i d  consumption t h e  resis tance increases  more rap id ly .  

I n  t h e  f i r s t  mode, when 

13 



m, L / fJ  

, Figure 7. Variation i n  the resis tance AP of a 

one s t ep  AA absorber as  a funct ion of the spe- 

c i f i c  liquid conswqtion E and the gas mass 

veloci ty  W g: 

1 '  
2 
3 
4 
5 
6 

48.0 . 81.36 
41.5 79.1 
36. o 81.6 
30.0 84.6 
23.0 83.6 
18.0 76.2 

The t r a n s i t i o n  from one mode t o  another i s  observed i n  the  test ,equipment 

when the  l iqu id  consumption i s  approximately 80 l i t e r s  per hour and i s  inde- 

penden% of the gas mass f l o w .  

By processing the  da t a  the following equations have been establ ished:  f o r  

the  f i rs t  mode: 

AP 0.68 - = l + A m  
*PS 

f o r  t he  second mode: 

14 



*P = 1 + A'm 1.9 
ApS 

where A and A' are functions of t h e  gas mass veloci ty .  

The res i s tance  t o  a s ing le  phase flow i s  given by the  equation 

The res i s tance  coef f ic ien t  5 f o r  t h e  t es t  equipment i s  equal t o  1.32. 

Figure 8 shows the  va r i a t ion  i n  the res i s tance  of a two step instrument 

as a function of the  spec i f i c  l i q u i d  consupt ion m. 

8 we can see t h a t  t h e  res i s tance  of  a two stage device f o r  all the  t es t  gas 

mass ve loc i t i e s  and spec i f ic  consumptions a re  approximately two times g rea t e r  

than f o r  a s ingle  s t ep  device. 

two step AA equipment takes  place when t h e  l i qu id  consumption i s  the  same as i n  

a s ing le  step device. A s  the mass gas ve loc i ty  increases t h e  t r a n s i t i o n  po in t s  

are displaced i n  the d i r e c t t o n  of lower spec i f i c  l i qu id  consumptions. 

By comparing f igures  7 and 

The t r ans i t i on  from one mode t o  another i n  a 

Mass Transfer. 

The r e c l l l t c  nf t h e  e - q e r i m n t s  on the mass t r a n s f e r  i n  the second mode 1 ~ 

conducted with a single step AA instrument are given i n  f igu re  9 when the height 

of t he  absorption volume i s  200 mm. T h i s  f i gu re  shows the  va r i a t ion  i n  t'ne num- 

ber of t ranspor t  u n i t s  as a function of t he  spec i f i c  l i qu id  consumption. We can 

see from t h i s  f i gu re  t h a t  as the  mass veloci ty  increases  and the  spe - 
c i f i c  consumption of t h e  l i qu id  increases, the  number of t ranspor t  u n i t s  

%?he number of experiments on mass t r ans fe r  i n  the  region of t h e  first mode w a s  

small and the  accuracy f o r  the  ra ther  small spec i f i c  l i q u i d  consumption w a s  

no t  very high; therefore ,  equations f o r  t h i s  mode are not introduced. 



m. (/d 
Figure 8. Variation in the resistance AP of a 

two step AA absorber as a function of the spe- 

cific liquid consumption m and the gas mass 

velocity W 
g' 

Curve Wg, kg/(m2*sec) 

1 36 
2 30 
3 23 

L, l/hr 

85.0 
84.6 
83.6 

Figure 9. Variation in N as a function of m in a single 

step AA absorber for different Wg: 1, 14 = 48 kg/(m2.sec); 
og 

g 
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increases .  The va r i a t ion  i n  the  number of t ranspor t  u n i t s  as a function of 

spec i f i c  l i q u i d  consumption may be represented i n  the  form 

N = A + B m  
og 

where A and B are functions of t he  mass gas  flow. 

The e f f e c t  of the  absorption volume height on the  number of t ranspor t  u n i t s  

is  shown i n  figure 10. 

t h e  absorption volume i s  increased, the number of t ranspor t  u n i t s  a l so  increases .  

I n  the  first approximation the  var ia t ion i n  the  number of t ranspor t  u n i t s  as a 

f’unction of absorption volume height can be assumed t o  be l i n e a r  

It can be seen from t h i s  figure t h a t  a s  the height of 

Nog = No + bh 

where b i s  a constant. 

We can assume t h a t  the term No character izes  the  mass t r ans fe r  a t  t h e  in-  

s t a n t  of time when the spray i s  formed while t h e  term bh character izes  t h e  mass 

t r a n s f e r  i n  the  absorption volume of the instrument. 

comes analogous t o  equation (4) for t’ne i ;eniur i  i i iLe  witiioiit a zet oi-ifice. 

. 
Then equation (18) be- 

The da ta  on mass t r ans fe r  f o r  a two-step AA instrument are shown on figure 

ll. I n  t h i s  drawing t h e  broken l i n e s  give the  experimental da t a  on mass t r a n s f e r  

f o r  a s ing le  step instrument with h = 200 and h = 400 mm. 

t h e  drawing t h e  number of t ranspor t  un i t s  i n  the  two s t e p  instrument f o r  a l l  t he  

tes t  gas mass v e l o c i t i e s  are 1.7 times higher than f o r  t he  same values 0 f . W  i n  

As w e  can see from 

g 
a single s t ep  instrument when the height of the absorption volume i s  200 mm. 

If we compare data  on the  mass t r ans fe r  i n  a single s t e p  instrument with 

h = 400 mm ( the  drawing shows only one curve f o r  W = 23 kg/(rn2.sec)) with t h e  

corresponding da ta  f o r  the  two s t ep  equipment it tu rns  out t h a t  i n  the  l a t t e r  the  

number of t ranspor t  un i t s  i s  1.4 times grea te r .  

g 

17 
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Figure 10. 

b pr 

Variation i n  N as a function of og 
the  ab sorption 

volume height h i n  a single s t ep  AA absorber f o r  d i f f e ren t  

W 

1, w = 48 kg/(rn*-sec); 2, Wg = 36; 3, wg = 23. 

(the upper curves m = 4.3 l /m3;  lower curves, m = 1.1 l / m 3  

g 

g 

Thus, f o r  the  same common height of the absorption volume the  i n s t a l l a t i o n  

of the second s t ep  increases  t h e  mass t r ans fe r .  However, i n  t h i s  case the re- . 
s i s tance  of the instrument, a s  pointed out above, increases by a f a c t o r  of 2. 

Therefore, t h e  r a t i o  AP/N f o r  a two s t ep  instrument i s  higher than f o r  a one 
og 

s tep  instrument . 
Venturi Absorber with a Jet  Orif ice  , 

The res i s tance  of a Venturi absorber with a jet  o r i f i c e  and the  mass t rans-  

f e r  i n  it w e r e  investigated e a r l i e r  ( r e f s .  3-10). 

inves t iga t ion  was t o  obtain experimental data  necessary f o r  a comparison 

of the three  types of absorption instruments which a r e  considered. 

The purpose of the  present  

/l32 

The i n s t a l l a t i o n  setup and method of invest igat ing the  Venturi .absorber 

with a j e t  o r i f i c e  a re  the  same a s  those used i n  experiments on the  absorption 

of ammonia by water i n  the  AA instrument. 

i8 



. 9 40 30 40 9.0 40 60 5 0  $0 
m ,  r / H J  

og Figure 11. Variation i n  N as  a function of m 

i n  a two s t e p  (curves 1-4) and i n  a one s t ep  (curves 

5-8) of Al: absorbers f o r  d i f f e r e n t  values of W- and h: 

Curve 

1 
2 
3 
4 
5 
6 
7 
8 

A Venturi tube with a t h r o a t  diameter of 20 m w a s  machined; t h e  cone 

angle of t h e  d i f f u s e r  w a s  equal t o  8'. 

by a cen t r i fuga l  jet  o r i f i c e  with an opening diameter of 2 mm; the exposure angle 

of t h e  j e t  without t h e  a i r  supply was 40-60'. 

j e t  o r i f i c e  along t h e  height of the instrument w a s  determined from preliminary 

experiments. 

Water w a s  introduced i n t o  the  instrument 

The most r a t i o n a l  pos i t i on  of the  



The data  f o r  the Venturi absorber with a j e t  o r i f i c e  are shown i n  f igu res  

12  and 13. 

m, 4 / ~ 3  

Figure 12. 

values of W 

Variation i n  AP as  a function of m f o r  d i f f e ren t  

1, i n  the Venturi absorber with a j e t  o r i f i ce :  

= 36 kg/(m2-sec); 2, wg = 30; 3, wg = 23; 4, wg = 18. 
g 

wg 

. m, c p  
' F i g m e  13. Variation i n  N as a function of m for d i f f e ren t  

og 

values of W 

Wg = 36 kg/(m2*sec); 2, W = 23. 

i n  a Ventur i  absorber with a j e t  o r i f i ce :  1, 
g 

g 

- . .  
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The var ia t ion  i n  the number of t ransport  u n i t s  as  a function of the spec i f i c  

l iqu id  consumption i n  the Ventur i  absorber with a j e t  o r i f i c e  can be expressed 

by the equation 

N = A + B m  
of3 

Equations (17) and (19) are analogous but the constants A and B have d i f -  

f e r en t  values. 

Comparison of the T e s t  Absorbers 

A comparison of the test absorbers ( f igs .  14-16) w a s  carr ied out on the 

og 

as a function of the spec i f i c  l iqu id  con- 

bas i s  of the resis tance of instruments AP, the number of t ransport  u n i t s  M 

and the spec i f ic  res i s tance  AP/N 

sumption m f o r  gas mass ve loc i t i e s  of 36 and 26 kg/(m2*sec). 
og 

. m, nthJ 

Figure 14. 
absorbers ( the sol id  l i n e s  are f o r  W 

the  broken l i n e s  a r e  f o r  W 

absorber without a j e t  o r i f ice ;  2, Venturi absorber with 

a j e t  o r i f i c e ;  3, AA absorber (h = 200 mm). 

Comparative data  on the res i s tance  of 3 t e s t  

= 36 kg/(rn2.sec); 
g 

= 26 kg/(m2.sec)): 1, Venturi 
g 



m, p 
Figure 13. 

t e s t  absorbers (solid lines f o r  W = 36 kg/(m2-sec); 

broken l i n e s  f o r  W = 26 kg/(m2.sec)): 1, Venturi ab- 

sorber without a j e t  o r i f i ce ;  2, Venturi absorber with a 

j e t  o r i f i c e ;  3,;AA absorber (h = 200 mm). 

Comparative data on mass t ransport  f o r  th ree  

g 

g 

The results of comparisons show t h a t  the Venturi absorber with a j e t  o r i -  

f i c e  has the lowest hydraulic res is tance i n  the  invest igated range of spec i f ic  

l i qu id  consumption m; however, the number of t ransport  u n i t s  is  lower f o r  it 

than f o r  the Venturi absorber without j e t  o r i f i c e  although somewhat higher 

than f o r  the  AA absorber. 

e s t  spec i f i c  res is tance.  

The Venturi absorber with a j e t  o r i f i c e  has the low- 

W e  should note t h a t  t h i s  absorber requires  an addi- 

t i o n a l  expenditure of energy f o r  the  l i qu id  supply and if  the  t o t a l  consumption 

of the energy i s  considered, i t s  advantage may turn  out t o  be minimum. Cases 

a re  poss ib le  when from the point  of view of t o t a l  energy consumption i t s  per- 

formance will be worse than t h a t  of the other types of absorbers tes ted  by us. 

22 



m, e/n3 

. Figure 16. Comparative data on the  specif ic  

resistance f o r  three t e s t  absorbers (solid 

l i n e s  are f o r  W 

are f o r  W = 26 kg/(m**seE)): 

sorber without a j e t  o r i f i ce ;  2, Venturi ab- 

= 36 kg/(m2-sec); broken l i n e s  
g 

1, Venturi ab- iz 

sorber with a je t  or i f ice ;  3, AA absorber 

(h = 200 m) . 

By comparing the Venturi absorber without a j e t  o r i f i c e  and the AA absorber 

we can s t a t e  t h a t  when the specif ic  l iquid consumption i s  l e s s  than approximately 

6 l / m 3 ,  the f irst  has a lower P/N 

sumptions the second has a lower ra t io .  

be ver i f ied by using equipment of large s i z e .  

r a t i o  while f o r  higher spec i f ic  l iqu id  con- 
Og . 

The r e su l t s  of this comparison should 
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